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Introduction: motivation ‘

 Alot of work trying to understand A+A data (since J/\y = QGP signal)

Quarkonium as a hint of deconfinement QGP probe

e |f we focalise on p+A data (where no QGP is possible)
only cold nuclear matter (CNM) effects are in play here:
shadowing and nuclear absorption

Quarkonium as a hint of coherence nPDF probe

e |n fact, the question is even more fundamental: p+p data
we do not know the specific production kinematics at a partonic level:
(2—2,3,4) vs (2—>1)

Quarkonium as a hint of QCD QCD probe
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Introduction : contents ‘

Our goal:

To investigate the CNM effects and the impact of the
specific partonic production kinematics
3 ingredients:
*J/\y partonic production mechanism
*Shadowing
*Nuclear absorption

e Results on J/y production @ RHIC and LHC
e Extend our study to Y CNM effects : fractional energy loss
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Quarkonium as a tool of COLD and HOT effects ‘
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Shadowing: an initial cold nuclear matter effect ‘

e Nuclear shadowing is an initial-state effect on the partons distributions

e Gluon distribution functions are modified by the nuclear environment

e PDFs in nuclei different from the superposition of PDFs of their nucleons

Shadowing effects increases with energy (1/x) and decrease with Q? (m,)
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Nuclear absorption: a final cold nuclear matter effect ‘

Particle spectrum altered by interactions with the nuclear matter they traverse
=> J/WY suppression due to final state interactions with spectator nucleons

e Usual parameterisation:
abs = ex abs
(Glauber model) > eXpLp © ‘LK

nuclear matter density  break-up cross section  path length

Energy dependence
e At low energy: the heavy system undergoes successive interactions with nucleons in
its path and has to survive all of them => Strong nuclear absorption

e At high energy: the coherence length is large and the projectile interacts with the
nucleus as a whole => Smaller nuclear absorption

oy
£ 44 O NA3

In terms of formation time: = & NASD-400

" 49 Jiy * NAS0-450

R ® E366 . o . -
Low energy: tr = v(x) 7r < R 2310 O HERA-S High energy: tr = y(x2) 7¢ > R

8-

=

6
4
2
0

Rapidity dependence of nuclear absorption? Oabs @ midy < OGabs @ forward y?

E. G. Ferreiro USC CNM effects on quarkonium @ RHIC and LHC BNL 6-18 June 2011



On the kinematics of J/y production: two approaches ‘

e CNM -shadowing- effects depends on J/y kinematics (x,Q?)

e J/y kinematics depends on the production mechanism =>

Investigating two production mechanisms (including p; for the J/y):

- ~
g+g > )y 21

e intrinsic scheme: the p; of the J/y comes from initial partons
“*Not relevant for, say, pr>3 GeV
\_ “+*Only applies if COM(LO, a.?) is the relevant production mechanism at low py

Kg+g - J/y+g, gg,geg,... 222,3,4 A

eextrinsic scheme: the p; of the J/vy is balanced by the outgoing parton(s)
+*COM, CSM (NLO, NNLO)
- /
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On the kinematics of J/y production: equations ‘

If FE( r,z,uf) gives the distribution of a gluon of mom. fract. x at a
position 7.z in a nucleus A, the differential cross-section reads :
doap
dy dP+ db

2 — 2 kinematics with extrinsic pr

2 — 1 kinematics with instrinsic pr

| dPadza dzg e shadowing dxydxo [ dradzadzg

X F’q(xf FA. ZA. ;ff).’FB(xE’ re.zg. jif) | x .’F’q(xl FA. ZA. ;ff),FE(xQ.Fg,zg,;Lf)

dﬂ- . - o
X n[ntr (xP.x3) <—— partonic cross sectlon =287 ggd:f‘* 55—t — 00— M?)

% Sa(F.z4)Sg(7e, 28)
nuclear absorption _—

X SA(J"A-EA)SB(!'B-EB)

- i —¥_
X1 = v% exp(Ly) = xf'hz(y, Pr) 6(..) — X = HL,:_S;_WEH

fit to data \ kinematic variables / your preferred model
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INTRINSIC (2->1) vs EXTRINSIC (2 = 2) kinematics ‘

2->1 252

For a given set (y, p;):
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Results c+Au @ RHIC J/\p rapldlty dependence of R4
Au
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e shadowing depends on the partonic process: 2->1 or 22" arXiv:0912.4498
e antishadowing peak shifted toward larger y in the extrinsic case
e in order to reproduce data: nuclear absorption

Gabs extrinsic > Gabs INtrinsic  the kinematics matter for the extraction of Gabs
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Results d+Au @ RHIC: J/y rapidity dependence of Rep ‘

Extrinsic scheme: Gabs= 0 2,4, 6 mbin 3 shadowmg models
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Data dependenze ony:
e Suppression for the most forward points in the three centrality ranges
* In the negative rapidity region, dominated by large x, no (or compensated) nuclear

effects
Data at back and mid-y can be described with a gabs of 2—4 mb, while the most
forward points seem to decrease more than our evaluation
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Fit of Gabs with EKS, EPS and nDS(g) from RdAu and RcP

Oabs and y2from RdAu EKS EPS nDS(g) LO
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Results d+Au @ RHIC: J/y transverse momentum dependence‘

Extrinsic scheme: cabs= 0, 2, 4, 6 mb in 3 shadowing models
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Growth of Rdau not related to Cronin effect:

1/2
it comes from the increase of x for increasing PT x, (n:_?,¢ + pi)
e in the mid and forward-y region: x goes through the antishadowing region
=> enhancement in RdAu

 In the backward region: x sits in an antishadowing region=> decrease in RdAu
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Results Au+Au @ RHIC: J/y centrality dependence of R, , ‘

Intrinsic scheme: 2->1 Extrinsic scheme: 2->2
Same CNM suppression at 8+8 2 J/¥ More CNM suppression aig+8 = J/y+g
forward and central rapidity forward than central rapidity

et L L L L L] 3 —— T T e
d _ o | ettt

lyld1.2,2.2] systy,, =27 % on - @ lyld12.2.2] systy,, ~+7%

| —— E‘\@-“Wi
N T T Fe R

s = oo
il = o & e =S

0.2 @ 02 @
[ Iy|d1.2,2.2] intrinsic p with o, = 2.8 mb @ | | Iylet.2,2.2] extrinsic p, with o, = 4.2 mb @
.............. Ivl u:jslmtnnsncrll with LH,I Zl3mhI | | mmn || <035 extrinsic ppwith o, = 4.2 mh

£3 _ . f ] = e B L e LA A a A e
- B syst =+14 % ) EE 1.2r syst =+14 % ]
£ global L = F global 1
Es I ' Es I ) g ]
T o8 # ] @ o8 ]
0.6 @ . 0.6- @ @ N

o.ar U @ 1 0.4F L @
027 forwardfmid intrinsic p, with o,;, = 2.8 mb ] 0.2 s forward/mid extrinsic p, with o, = 2.8 mb |

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

Npar[ Nnarl.

Extrinsic scheme : Raa @ forward y<Raa @ midy
Hot Nuclear matter effects of course needed, but...

Less need for recombination effects

E. G. Ferreiro USC CNM effects on quarkonium @ RHIC and LHC BNL 6-18 June 2011



Results A+A @ RHIC: J/y centrality dependence of R,, ‘

Extrinsic scheme: cabs= 0, 2, 4, 6 mb in 3 shadowing models
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Raa systematically smaller in the forward region than in the mid-y region
The difference increases for more central collisions
This difference matches well the one of the data when cabs =0

One needs a larger oabs if one wanted to reproduce the normalisation of the
AuAu data, disregarding any effects of hot nuclear matter (HNM)

However, for such large oabs, surviving J/ from inner production points
would be so rare that the difference between shadowing effects at mid and
forward rapidities would nearly vanish

Note that for a oabs in the range of 2—4 mb, a difference remains
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Results Au+Au @ RHIC: J/y rapidity dependence of R,, ‘

e Intrinsic: flat behaviour
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Results A+A @ RHIC: J/wy rapidity dependence of Ry, ‘

Extrinsic scheme: cabs= 0, 2, 4, 6 mb in 3 shadowing models
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RAA peaks at y = 0, reducing the need for recombination which concentrates at mid y
This effect is present in the three shadowing parametrizations we have used

This effect reduces with the increase of cabs
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Results A+A @ RHIC: J/y transverse momentum dependence

Extrinsic scheme: cabs= 0, 2, 4, 6 mb in 3 shadowing models
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RaA increases with Pt partially matching the trend of PHENIX and STAR data
Nuclear modification factor larger than one for PT = 8GeV (STAR results)?
J/U behavior closer to the one of photons than to the one of other hadrons?
Hypothesis: energy losss + Landau-Pomeranchuk-Migdal effect ?

The energy loss of a colored object in CNM is limited to be constant
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Work in progress: J/y @ LHC rapidity dependence ‘
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Opposite RAA behaviour vs rapidity:
e At RHIC=> stronger suppression at forward y
e At LHC => stronger suppression at mid y
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Work in progress: J/y @ LHC centrality dependence ‘
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Work in progress: J/y @ LHC centrality dependence (2 - 2)
“CEM NLO” before k; smearing “Traditional” 2 — 2
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Work in progress: J/y @ LHC centrality dependence (2 - 2) ‘

“CEM NLO” before k; smearing “Traditional” 2 — 2

ALICE preliminary ALICE preliminary
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Note on the underlying partonic model ‘

« 2 different 2-> 2 models can give different results

« Example : with the existing code for CEM @ NLO, the kt smearing procedure
is applied after the (x;,x,) integration

E T T T T T T E 1 E T T T T T T E
< E 3 PHENIX Hata with F‘j}{fCL 50 4/ 10 % | it < E PHENIX data with Fj';;,“‘l: 59 +/- 10 % | —e—t
3 i H TAR data with F3re®'= 59 4/- 10 %  ——e—— ] & I HH data with FiP®=59 +/-10% ——=— ]
5 04 pEE : 5 01 i .
£ : E ;
% oor | . !
s 0.01 ¢ 3 s 001 ¢ 5
A : 3 A : ]
= i > i
5 5
+ 0.001 [ 3 + 0.001 ¢ E
o E o
R C ke i
s I
0.0001 - 0.0001 =
0 0 2 4 6 8

P+ (GeV) P (GeV)

« Before the smearing (left) the distribution overhsoots the data

« More weight on low pT's=> the distribution used is closer to a 2 -> 1 process
o The CEM @ NLO is a mix between

a pure collinear 2->2 and a pure 2->1 with intrinsic kt
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Note on the shadowing and its uncertainties at LHC energies ‘

« As we have seen, different 2->2 partonic models can give different results

« We have used 2 'toy' models :

« We use nDSg and EKS98 as possible gluon shadowings (non-exhaustive)

oFinally we vary p. from 0.5 x m; to 2 x m; (as done in pp for g(x, ;)

E. G. Ferreiro USC CNM effects on quarkonium @ RHIC and LHC BNL 6-18 June 2011



Work in progress: J/y @ LHC centrality dependence (2 - 2) ‘

“CEM NLO” before k; smearing “Traditional” 2 — 2
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suppression at mid rapidity
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EKS shadowing
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Work in progress: J/yw @ LHC pT dependence ‘
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On the kinematics of Y production ‘

S 100
S 4o Results at 1.8 TeV:
2 ;
= 1T
@ s
S 01 e CSM describes well dO/dpT at NNLO
7 001}
% 0.001 | e LO CSM is sufficient to describe low pT data
=) 1e-04 I TN SR T SR SR
S 0 5 10 15 20 25 30 35 40
P (GeV)
! 2 = 2 process
oE PHENIX (Proim) H8-1 - Results at 200 GeV:
60 [ FiiS 42410 % STAR (reim) T ]
(8 I (I T i
oot -0 LO upper line: mb = 4.5 GeV, uR = MT, uF = 2MT
X a0l LO lower line: mb = 5.0 GeV, uR = 2MT, uF = MT
12 ¥ We take the parameters of the upper curve

3 02 4 0 12 3 in the following.
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Results for d+Au: Y rapidity dependence ‘

Intrinsic vs extrinsic scheme
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Results for d+Au: Y rapidity dependence ‘

Extrinsic scheme: gabs=0 mb, gabs= 0.5mb, gabs= 1 mb in 3 shadowing models
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Work in progress: EMC effect ‘
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Work in progress: Energy loss effect ‘

¢ Basic idea: An energetic parton traveling in a large nuclear medium undergoes
multiple elastic scatterings, which induce gluon radiation
=> radiative energy loss (BDMPS)

¢ Intuitively: due to parton energy loss, a hard QCD process probes the incoming PDFs
at higher x, where they are suppressed, leading to nuclear suppression

¢ The problem: This energy loss is subject to the LPM bound
=> A E is limited and does not scale with E (Brodsky-Hoyer)

e At RHIC and LHC (contrary to SPS), typical partons (for x1 ~ 10-?) have energies
of the order of hundreds of GeV in the nucleus rest frame
=> radiative energy loss has a negligible effect on the parton x,
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Work in progress: Energy loss effect ‘

e Still, in order to explain large x; data at RHIC, it would be useful to have
=> g fractional energy loss: AE o E
(Old idea by Gavin Milana, thought to be ruled out by LPM bound)

e Recently (Arleo, Peigner, Sami arxiv:10006.0818) it has been probed that the notion of radiated
energy associated to a hard process is more general than the notion of parton energy loss.

The medium-induced gluon radiation associated to large-x; quarkonium hadroproduction:
%* arises from large gluon formation times t, >>1L
+** scales as the incoming parton energy E
» cannot be identified with the usual energy loss
+* qualitatively similar to Bethe-Heitler energy loss
+» the Brodsky-Hoyer bound does not apply for large formation times

L)

0

L)

0

&

Thus, the Gavin-Milana assumption of an “energy loss” scaling as E turns out to be qualitatively
valid for quarkonium production provided this “energy loss” is correctly interpreted as the
radiated energy associated to the hard process, and not as the energy loss of independent
incoming and outgoing color charges.

e Note that space effect through Sudakov suppression can also induce a fractionnal energy loss
but for x, > 0.5 (Kopeliovich) )
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Work in progress: Energy loss effect ‘

When the longitudinal momentum pL >> mT
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Work in progress: Y centrality dependence

Extr|n5|c scheme: cabs=0 mb Oabs= 0.5mb , Gabs= 1 mb in3 shadowmg models
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Work in progress: Y transverse momentum dependence ‘

Extrinsic scheme: Gabs=0 mb, gabs= 0.5mb , Gabs= 1 mb= in3 slhadlowinlg mlodells

- ] - 3 o B _'
Eﬂg 1.2:— EKS —: mﬁ 1.2 EPS_: n:u 1.2 EnDSg ]
1— - 4 i : 1_ : f_ 1 + ¥ — i = — ]
- 2 2eyet2 ] - 2 2eye12 - Ly
‘D.-E—::: --------- :l---:l::--l_- ‘D.-E—::: -------------- :I::::I_: ﬂ.Ejllillllill:'ill'li::::i__:
12f - 12 - 2 .
i — . i . 1E ==
B ly|<0.35 ] B ly|<0.35 ] - haleli TR _
ﬂ'E_:::I ] 1 ———+ L E'E_...I 1 1 R P [ = EPS0OLO I I 14
N 1 1 1 1 ] ] ] ] L IR B L . EKSOR /
12f . 12F . | weme EPS08 ) 4
_ _ | == nDS (LO)

] — _"—_—:l__;——:: 1 =g [ e 1.0
B 12“\-3":2.2 _' p-— 12.‘\.3..:21 08
D'E_...I....I....I....I..--I- D-E_...l....l....|....|....|. 0(‘
] 4 5 2 3 4 5 >
p_ (GeVic) p, (GeVic) 0.4
0.2
, 0.0

wo* 10° 10* 10" 1

Growth of RdAu not related to Cronin effect: Lo

it comes from the increase of x for increasing PT X, (mf__,@ + pi)

e in the forward region: x goes through the antishadowing r
=> enhancement in Ry,,
e In the backward region: x sits in an antishadowing and EMC => decrease in R,
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Conclusions ‘

/e We have studied the influence of specific partonic kinematics R

within 2 schemes: intrinsic (2 1) and extrinsic (2->2) p;
for different shadowings: EKS98, EPS08, nDSg
including nuclear absorption and different partonic models

- /
e CNM effects have to be taken into
/e for J/y )
A+A colliss  account as a baseline for a right
interpretation of the J/¥ as a QGP signal 5 39
A+A collis| _ yroduction
¢ CNM effects depend on the partonic
\_ production mechanism -
(o for Y ~N
antishadowing and EMC region 2—>2 process
fractional energy loss in the forward region
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